The aim of the present study was to compare the immunogenicity of monocomponent human insulin with that of monocomponent porcine insulin in newly diagnosed Type 1 (insulin-dependent) diabetic children. One hundred and thirty-five patients at diagnosis of diabetes (age 1-18 years, mean age 9.3 years) were randomly allocated to treatment with either Monotard MC + Actrapid MC or Monotard HM + Actrapid HM in a double-blind trial conducted in Sweden, Finland, Norway and Denmark. The human and porcine insulin groups were identical at diagnosis with respect to age, sex and measures of metabolic control. At all times the mean insulin antibody levels and the percentage of antibodypositive patients were lower in the human group compared with the porcine group. At 3 and 12 months, the insulin antibody values were significantly lower in the human group than in the porcine group (p < 0.05, Wilcoxon's rank sum test). At 12 months, antibody values in the human group ranged from 0 to 1.2 U/1 (mean 0.14 U/l) and in the porcine insulin group from 0-5.2 U/1 (mean 0.63 U/l). It is therefore concluded that human monocomponent insulin has a lower immunogenicity than porcine insulin of the same purity in newly diagnosed diabetic children during the first year of insulin treatment.
Summary.
The aim of the present study was to compare the immunogenicity of monocomponent human insulin with that of monocomponent porcine insulin in newly diagnosed Type 1 (insulin-dependent) diabetic children. One hundred and thirty-five patients at diagnosis of diabetes (age 1-18 years, mean age 9.3 years) were randomly allocated to treatment with either Monotard MC + Actrapid MC or Monotard HM + Actrapid HM in a double-blind trial conducted in Sweden, Finland, Norway and Denmark. The human and porcine insulin groups were identical at diagnosis with respect to age, sex and measures of metabolic control. At all times the mean insulin antibody levels and the percentage of antibodypositive patients were lower in the human group compared with the porcine group. At 3 and 12 months, the insulin antibody values were significantly lower in the human group than in the porcine group (p < 0.05, Wilcoxon's rank sum test). At 12 months, antibody values in the human group ranged from 0 to 1.2 U/1 (mean 0.14 U/l) and in the porcine insulin group from 0-5.2 U/1 (mean 0.63 U/l). It is therefore concluded that human monocomponent insulin has a lower immunogenicity than porcine insulin of the same purity in newly diagnosed diabetic children during the first year of insulin treatment.
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It is generally agreed that the purity of an insulin preparation influences the amount of insulin antibodies formed in diabetic patients. Thus, monocomponent (MC) porcine insulin induced less insulin antibodies than five times crystallized porcine insulin of the same formulation and the same was observed when mixed species (70% bovine, 30% porcine) preparations were administered in MC and five times crystallized quality [1] . From these results it was also evident that, irrespective of purity, bovine insulin was more immunogenic than porcine insulin given in the same formulation.
Human insulin is different from porcine insulin at position B30, but it was not foreseeable whether this difference would be of any significance in the immune response. When human insulin prepared by enzymatic transpeptidation from porcine insulin became available in large quantities, a Scandinavian multicentre trial was initiated. The major aims of this trial were to compare MC human and porcine insulins in the treatment of newly diagnosed Type I diabetic children, with respect to insulin-antibody formation, fl-cell function and metabolic control. To exclude bias from patients, doctors and other personnel, the same randomized, controlled, double-blind design was used by all clinics participating. We present a preliminary report on insulin-antibody formation during the first year of treatment.
Subjects and methods

Subjects and design of trial
A total of 135 children with newly diagnosed Type 1 diabetes were included in the trial (Sweden 74, Finland 32, Norway 26 and Denmark 3).
The trial employed a double-blind, controlled design. At each clinic the patients were randomly allocated to treatment with one of two coded insulin preparations: human MC insulin (Novo) or porcine MC insulin (Novo). Actrapid and Monotard were used in each group. There was no significant difference between the two groups in age (human insulin group: mean age 9.2 years, range 1-15 years; porcine insulin group: mean age 9.4 years, range 1-18 years), sex (human insulin group: 39 males, 28 females; porcine insulin group: 41 males, 27 females) or in fasting blood glucose, urinary glucose, urinary ke- Insulin antibody-positive = insulin binding to IgG > 0.05 U/1 tones or base excess at the time of diagnosis. Blood samples were taken at 0, 3, 6, 9, and 12 months and analysed blind at the Novo Research Institute for insulin antibodies. Data on metabolic control, insulin requirement and HLA-phenotypes will be reported separately.
Methods
Insulin antibodies were measured by the method of Christiansen [2] using 125I-bovine insulin as tracer. Statistical evaluation of differences between the two groups was carried out by the Wilcoxon rank sum test.
Results
97
er distribution of values in the human insulin group at 3 and 12 months was statistically significant (p < 0.05; Fig. 1 ).
When the percentage of insulin antibody-positive patients (levels > 0.05 U/l) was compared between the two groups, it was found to be lower in the human than in the porcine insulin group at all treatment times, but the differences did not reach statistical significance (Table 1) .
Discussion
The present results confirm two earlier reports of a lower immunogenicity of human insulin compared with porcine insulin [3, 4] . However, the present study was performed double-blind with a simultaneously treated porcine insulin control group and using patients homogenous with respect to age and duration of diabetes. In contrast, in a previous study [3] , the porcine control group was treated prior to the human group, while in the second study [4] the patients were heterogenous with respect to age and duration of diabetes. Nevertheless, these earlier results are in agreement with ours and it therefore seems safe to conclude that human insulin of the same formulation and purity has a lower immunogenicity than porcine insulin in newly diagnosed Type 1 diabetic patients. Our groups consisted exclusively of children, who are more actively antibody reactive than adults [5] and this further supports our conclusion.
The clinical importance of insulin antibodies formed after treatment with even highly purified insulin has been pointed out recently by Ludvigsson [6] , who reported that among 50 diabetic children treated from the onset with porcine MC insulin 26 developed detectable amounts of insulin antibodies within 1 year. At 9 months the group without antibodies had higher Cpeptide responses to a meal, longer duration of remission and a lower insulin requirement than the group with antibodies. These results indicate that even the small amounts of insulin antibodies that we normally regard as harmless may have significantly negative effects, not only on acute glycaemic control and recovery from hypoglycaemia [7, 8] , but also on fl-cell function and, consequently, on metabolic control.
Mean insulin antibodies in the human and porcine insulin groups during insulin treatment are shown in Figure 1 . At diagnosis, before insulin treatment, all but one patient in each group (human insulin group: 0.11 U/l; porcine insulin group 0.06 U/l) had insulin antibody levels within the normal range (< 0.05 U/l). At 3, 6, 9 and 12 months mean insulin antibody levels were lower in the human insulin group than in the porcine insulin group. At 3 months insulin antibody levels ranged from 0 to 0.3 U/1 in the human insulin group and from 0 to 0.9 U/1 in the porcine insulin group. The corresponding ranges at 12 months were 0-1.2 and 0-5.2 U/1. The low-
